It is widely viewed that music induced body movement of early childhood children changes reflecting progress of development stage of recognition of musical elements. The author had devised four-phased Music Expression Bringing-up (MEB) program to enhance music recognition of children and devised associated Music Test to evaluate recognition achievements based on respective development phase. As such framework successfully showed development of recognition, the author tried to introduce additional quantitative measure which observes body movements on each development phase utilizing 3D motion capture. In motion capture study, 3-year-old (n=28), 4-year-old (n=25), and 5-year-old (n=31) children participated in the every phase's activity of MEB program. Applying such movement results of 4 and 5-year-old children at multiple development phases with MEB program results of relevant phases, statistically significant relationship was attained in ANOVA and relationship was depicted in Circular Affect. Results indicated that usage of 3D motion capture has consistent outcome with MEB program and body parts movements had the characteristic change of element in musical expression, especially, in the right hand. Combining 3D motion capture can identify development signals in movement of body parts and support to understand development achievements of children.
Introduction
Children in early childhood frequently move while singing. They voluntarily indicate that they are feeling the beat and rhythm of the music by moving the ankles up and down or clapping their hands according to the music. Specifically, body movement is included in musical expression during early childhood. Children also express their feelings through "make-believe play" and "dramatization" according to music.
Based on these early childhood developmental characteristics, several studies presented the importance of movement activities in musical expression from early childhood (Jalongo & Isenberg, 2001) . In parallel, the importance of story creation (Hendy & Toon, 2001 ) and activities of dramatization (Bolton, 1984; Hendy & Toon, 2001; Winston & Tandy, 2005) described. Some of studies examined the activity contents of movement with music (Burton & Kudo, 2000; Jalongo & Isenberg, 2001; Schirrmacher, 2005; Winters, 1997) . Musical expression including dramatic play (Ballema, 2005; Isle, 2007) pointed out the process as integrated music with dramatization (Rubin & Merrion, 1996) . In the research on the relationship between recognition of musical elements and movement in early childhood, as a qualitative research, there were a study which presented to deepen the recognition of musical elements at early childhood during activities (Kemple, Batey, & Hartle, 2004) and studies that point out the importance of creative movement (Marigliano & Russo, 2011) in music activities. However, it was mainly in experimental research that attempts were made to elucidate the cognitive strategies regarding the sounds, beats, and rhythm patterns in name-game and song-play that relate the image of sound with the visual image. Children gradually advance from musical expression including body movement to the formation of a rhythmic pattern and reply song, creative movement, story creation, and integration with dramatization and music. As a result, children would be able to naturally cultivate rich musical expressions by themselves in early childhood.
In order to capture such recognition development in phase by phase, firstly, the author carried out practical process of MEB program for 3, 4, and 5-year-old children. The Music Test was applied on children at beginning phase and at final phase to evaluate developments of children. The Music Test consists of six domains such as "Strength of sound," "Duration of sound," "Rhythm," "Pitch of sound," "Harmony of sound", and "Expression and appreciation" and every domain includes 10 contents (Sano, 2014) . In the past study, the result of Music Test showed the effectiveness of practice of MEB program based on the multivariate analysis of principal component and clustering (Sano, 2013) .
Secondly, the author utilized 3D motion capture system to the relevant phase of MEB program to quantitatively analyze the evolution of children's body movement of musical expression. Previous studies regarding the movement analysis as a reaction to music in adulthood were limited in their experimental environment (Burger, 2013; Burger, Thompson, Saarikallio, Luck, & Toiviainen, 2013) or previous studies did not apply motion capture technology to track the change of musical expression including body movement in early childhood but the movement such as a dance or sawing posture for only adulthood participants in Japan (Ando & Sumikawa, 2012; Sato, Kaiga, & Watabe, 2010) . On the other hand, previous studies of music behavior focusing on the body movement of the music performer showed an experiment that the motion conveys emotion to expression and carried out video analysis of motion capture image regarding a relationship between specific parts of the body movement and expression such as performance of instruments (Dahl & Friberg, 2007; Kawase, 2015) . In such video analysis, the importance of head movement was indicated. However, there are no research reports on quantitative analysis of the transformation of musical expression in early childhood, especially, from the viewpoint of body movement during practical process of musical experience.
In this article, the change of body movement in every phase of MEB program was observed with 3D motion capture and statistically strong difference of movement of body parts was figured out along with advancement of phase of MEB program.
Purpose of the Study
This study aims to present methodology to introduce 3D motion capture technology to enhance analysis of development of music recognition of children from the viewpoint of body movement in musical expression in association with the practice of MEB program. By extracting a relationship between body movement and the recognition of musical elements in developmental phase, it would support educators to focus on encouraging specific children to improve recognition at relevant developmental phase of MEB program focusing on specific movement of body parts.
Previous studies established relationship between music recognition and body movement, but did not show quantitatively any specific verification regarding a relationship between music and movement although it was explained in music education such as Jaques-Dalcroze (1921)'s theory with practice. It should be helpful to develop a quantitative methodology by employing 3D motion capture regarding movement analysis based on full body musical expression to devise appropriate musical experience according to early childhood development.
Method
Children will apply four-phased MEB program which was derived from theory of Rubin and Merrion (1996) to encourage development of music expression. Achievements of children by MEB program will be evaluated by associated Music Test. Question of Music Test has been designed to verify the recognition of the musical expression of children by answering of children responding to teacher's playing of pianos and percussions, etc. The Music Test consists of 6 domains with 60 question items (10 items per domain) to enable quantitative analysis of musical elements (Sano, 2014) . 6 domains are: "I. Strength of the sound" (to distinguish between a weak sound and a loud sound); "II. Number, duration of the sound" (to compare the duration of two sounds); "III. Rhythm" (to distinguish between a certain melody and different melody and rhythm pattern); "IV. Pitch of the sound" (to distinguish between high-and low-pitched tones); "V. Harmony of the sound" (to spot a dissonance in the chord of beautiful sound); and "VI. Expression and appreciation" (to choose music in accordance with a scene). The resource of the Music Test is shown in the References (Sano, 2014) . "I. Strength of sound" consists of five items to select weak and loud by listening to the sound of rhythm instruments such as a tambourine and pianos and to select the strength of melody to be played on the piano. Concerning "II. Number, duration of the sound", children have 3 items to answer the number of times a sound of a rhythmic instrument such as piano or tambourine was played and the duration of sound. For 2 items, children answer whether the tempo feeling changes or not according to the duration of sound. "III. Rhythm" is a list of 2 items to select different ones of the rhythm by listening to the piano sound, 4 items to select things of the same rhythm, 1 item to sense expressing the image of movement, and 3 items to count the number of same short rhythm pattern. "IV. Pitch of the sound" includes 7 items for selecting the high/low of the piano sound, 1 item for selecting the gradually rising melody, and 2 items for selecting the jumping of the sounds. "V. Harmony" includes 10 items to choose beautiful sound overlap listening to the piano. "VI. Expression & appreciation" include 9 items to sense of the image of the melody and 1 item to relate the image sensed from the picture to the music. 
Results

The Result of the Music Test with the Measurement during the First Phase of MEB Program
The result of the music test concerning 4-year-old with 5-year-old children. U nursery schooler's data concerning the average total score of 5-year-old children were significantly higher than the score of 4-year-old children based on T-statistics (t4(40) = 5.592, p<0.01) (see Table 2 ).
K nursery schooler's data concerning the average total score of 5-year-old children were significantly higher than the score of 4-year-old children based on T-statistics (t(36) = 10.467, p<0.01) (see Table 3 ). Concerning the total score of 4-year-old children, K nursery schooler's score was significantly higher than U nursery schooler's score (t(38) = 4.621, p<0.01) based on T-statistics. Concerning the total score of 5-year-old children, K nursery schooler's score was significantly higher than U nursery schooler's score (t(38) = 4.937, p<0.01) based on T-statistics. Through the multiple comparisons by Tukey's HSD (Honest Significant Difference) test, a statistically significant difference was recognized between U nursery school and K nursery school and between 4-year-old children and 5-year-old children (p<0.05).
In other words, the average score of 5-year-old children in the K nursery school concerning 5 domains without "harmony" was significantly higher than other three group's score. The average score of 4-year-old children in the U nursery school was significantly lower than others. The average score of the domain "Number, duration" of 4-year-old children in both U and K nursery schools was significantly lower than the score of 5-year-old children in both U and K nursery schools (p<0.05).
The Element of Movement by Activity Phase of MEB Program with Motion Capture
Data
The result of a three-way non-repeated ANOVA regarding the measurement data.
Motion capture data were based on five body points: the pelvis, head, right shoulder, right hand, and right foot. Concerning those data, a three-way non-repeated ANOVA was applied on MEB program phase factor (4 standards), different childcare form factor (2 standards), and children's factor (3 standards). Table 4 shows the result of measurement data of the moving distance of the pelvis by the activity phase/nursery school/age. The pelvic movement of the trunk that supports the limbs captures the whole picture of the transformation of elements of movement in musical expression because the pelvic movement changes relating to the moving distance that depended on the movement of limbs to sense music while beating and the movement of legs unexpectedly trying to express the image of music. The main effect/interaction of the test of the effect between-subjects is shown in the Table 5 . The test regarding simple main effect with multiple comparisons was carried out by Bonferroni method. A main effect/interaction of the test showed the significant difference of the 0.5% standard without age factor and phase factor * age factor. Concerning the result of multiple comparisons, a significant difference of the 5% standard was observed. The moving average of the distance regarding 3-year-old (10.562m) with 4-year-old (10.848m) during the third phase of MEB program was significantly higher than the average data of 5-year-old children (5.749m). In other words, the moving distance of pelvis was long during the third phase of MEB program.
Concerning 3-year-old with 4-year-old, the moving distance of K nursery schoolers was significantly longer than the data of U nursery schoolers. The children expressed the symbolic movement of the children's own image of lion by the body sound with pretend when they sensed the music of "Lion's great march" during the third phase of MEB program. Children tried to create a process to express the recognition of the musical elements even if they were immature in expressive ways. The change of movement in musical expression of every phase of MEB program in U nursery school. A two-way non-repeated ANOVA was applied on MEB program phase factor (4 standards) and children's age factor (3 standards) was done to examine the difference of the average data regarding the moving distance, the moving acceleration, and the moving velocity. The average data of 5-year-old children were remarkably big in the third phase of MEB program. The characteristic was observed as the result of analysis regarding the moving distance of pelvis and right hand.
As a result of analysis concerning the moving distance of pelvis, the author observed a statistically significant difference in the average of moving distance of pelvis in the third phase of MEB program between phase and different ages (phase: F(3, 103) = 32.044, p<0.005, F(2, 103) = 4.285, p<0.005). 5-year-old children showed a higher mean than 4-year-old children with the significant difference of the 5% standard at the age. The data in the third phase showed a higher mean with the significant difference of the 5% than other phases at the activity phase. As a result of the multiple comparisons, 5-year-old children's mean was higher than 4-year-old children with the significant difference of 5% standard in the third phase. The data regarding the right shoulder and the right foot also showed the similar change. The moving distance of the head was longer than pelvic data in the third phase.
Furthermore, the change of the moving distance and the moving average acceleration of right hand were remarkable. Specifically, the moving average acceleration of 3-year-old children significantly increased from the second to the fourth phase. The increase of the moving average acceleration of 3-year-old children was significantly larger than the change of 4-year-old and 5-year-old children as the author showed in Figure Because 3-year-old children became to react sensitively to the beat and rhythm, they increased to beat by naturally using their hands and singing during the fourth phase of activity. Changes of velocity also showed the tendency to be the maximum value during the third phase regarding the movement of head, pelvis, and right shoulder.
Concerning the change of the moving distance of the interval between the both hands, 3-year-old children's data were significantly higher than 4-year-old with 5-year-old children's data as the author showed in Figure 3 (phase: F(3, 103) = 4.182, p<0.005, age:
F(2, 103) = 5.144, p<0.005). The average of the moving distance of the interval between the both hands showed 3.82m as the maximum value during the third phase. As a result of the analysis of moving distance of the interval between the both hands, a significant main effect was observed in both factors of activity phase * age (activity phase * age: F(6, 103) = 6.918, p <0.005). Specifically, 5-year-old children's data were significantly larger than data of 3-year-old with 4-year-old children in the third phase of MEB program. As a result of the multiple comparisons, the average data of 5-year-old children and the average data of 3-year-old children in the fourth phase were high with the significant difference of 5% standard.
In other words, 5-year-old children were intentionally creating a movement indicating the recognition of musical elements as a musical expression such as matching the character appearing in lyrics to the rhythm of music while singing. On the other hand, 3-year-old children frequently moved while singing and pretending to be evoked by the image of the lyrics. As opportunities to notice the movements of both hands according to the beat and rhythm of the music increased, they began to recognize musical elements. Table 6 . Table 6 showed that a correlative strength was high of the moving average acceleration of right hand (0.427) and the moving smoothness of the right foot (0.372). This result indicated the movement of the right hand and the right foot had a strong correlation with the music test score because the children whose Music Test score was high frequently waved their hands and moved smoothly their feet. Regarding the deviation angle, the distance was -131.6 ° to 13.1 ° and the acceleration was -47.9 ° to 190.2 °, which was distributed in a relatively wide area. On the other hand, it was found that the velocity was -29.9 ° to 54.2 ° and the smoothness was -62.3 ° to 43.6 ° in the relatively narrow region.
Before the practice of MEB program in the first phase, "III. Rhythm" and "VI. Expression & appreciation" were not relatively related to the elements of movement.
The relationship between the elements of movement and the musical elements in the musical expression was represented in Figure 4 as a Circular Affect model based on the data of Table 6 . Vector 8 in the Figure 4 showed that a strong correlation was observed between the moving average acceleration of right hand and the recognition of musical elements. Vector 8 was near the axis "VI. Expression & appreciation" because 4-year-old children tended to express their image listening to the music using their right hand frequently. Vector 1 in the Figure 4 showed that a strong correlation was between the moving distance of pelvis and the recognition of musical elements. Vector 1 was near the axis "III. Rhythm" because 4-year-old children tended to take rhythm of music using the movement of pelvis. In other words, a strong relationship between the movement of the right foot and the music test score was observed in the closest first phase's activity before the practice of MEB program, but the relationship between other motion capture data and the recognition of the musical elements was not strong during the first phase's activity.
On the other hand, the correlative strength generally increased regarding the relationship between the motion capture result in the fourth phase closest after the practice of MEB program and the second music test (after practice) score. Measured and calculated data regarding the distance, the velocity, the acceleration, and the smoothness tended to distribute in narrower area. The correlative strength was particularly high between "the moving smoothness of the right hand (0.487)", "the moving smoothness of pelvis (0.338)", and "IV. Pitch of sound".
As the result of the 5-year old children, vectors of the movement of the pelvis, right hand, The moving smoothness of pelvis
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The moving smoothness of the right foot and right foot regarding the relationship between the first phase of the MEB program and the first time of the music test score were distributed in a narrow range. Specifically, the correlation between "smoothness" and "III. Rhythm" was strong. On the other hand, for the relationship between the measurement data in the fourth phase of MEB program and the second music test score, the correlative strength regarding "smoothness" was large between "pelvic smoothness (0.436)" and "V. Harmony" and between "the smoothness of the right hand (0.325)" and "III. Rhythm". In addition, the distance, velocity, acceleration, and smoothness were distributed in a narrow area.
Concluding Discussion
In this study, body movement analysis was integrated into the investigation of recognition of musical elements of children. The change of recognition at relevant developmental phase was seamlessly examined. From captured data, statistically significant results extracted considering phase of MEB program, nursery school, and age of participant children and, thus far, compared with Music Test results applied at beginning and ending of practice of MEB program.
As a result, the characteristic change of element of movement in musical expression was represented, especially, in the moving distance of the right hand, the moving average acceleration of the right hand, and the smoothness of movement observed in both-hand interval change. Those changes were observed in the third phase including the main purpose of the recognition of musical elements in MEB program. The consistency between the body movement characteristics in the musical expression and the music test score was presented in Circular Affect based on the result of analysis regarding the relationship between the element of movement and the recognition of musical elements in musical expression. It was found to be expressed two-dimensionally.
It was considered that the importance of the movement as an element of the musical expression peculiar to early childhood was shown by quantifying the change of movement which was not so obvious at the time of observation. Therefore, early childhood teachers can learn about the progress of recognition of musical elements by early childhood children from the measurement results of numerical values representing changes of elements of movement in the musical expression of early childhood children. As a result, early childhood teachers can predict how the body movement of children observed in musical expression and can think of a systematic music experience. In these respects, the method of 3D motion capture introduced in this paper is thought to be useful for early childhood music education for teachers to objectively and quickly find out to encourage specific children to have more process at which phase and how such achievements would be reflected in which domain of the Music Test.
In the future, the author will also add survey results at nursery schools with different childcare forms, classify the data, extract the developmental characteristics of the musical expression, and formulate an evaluation methodology of the development of the musical expression in early childhood.
